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Method for power optimization in a vehicle/train having 
a number of drive systems 

Description 

5 

The invention relates to a method for power 
optimization in a vehicle/train according to the 
preamble of claim 1. 



10 During the planning of journeys and the drafting of 
schedules for rail traffic, time reserves for 
unforeseen events and adverse operating conditions are 
included in the plans. Since, during real journeys, the 
operating conditions are typically more favorable than 

15 those assumed during planning, the time reserves 
created by this are available for other purposes. A 
particularly practical use of the time reserves resides 
in the saving of power by means of a suitable travel 
mode . 

20 

Previously known and used methods for power 
minimization are mostly based on the assumption that a 
travel mode comprising the constituents maximum 
acceleration - travel at constant speed - coasting - 

25 maximum retardation is optimum in power terms. In this 
case, the mechanical tractive power which is needed to 
accelerate the vehicle is minimized. For verification, 
a linear dynamic train model is used, in particular no 
account being taken of any term which describes the 

30 quadratic relationship between speed and travel 
resistance . 



In DO 255 132 Al , this basic assumption is expanded by 
subdividing a total route into a number of sections, so 
that in each section the slope resistance of the 
journey is constant. 



In EP 0 467 377 Bl, the subdivision of the overall 
route into a number of sections is introduced in such a 
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way that in each section the permissible maximum speed 
is constant. The travel mode comprising the 
constituents maximum acceleration - travel at constant 
speed - maximum retardation is repeated in each 
5 section. Coasting is therefore dispensed with. 

EP 0 755 840 Al does not describe a practical method 
for power optimization but instead explains a general 
system structure with which power optimization can also 
10 be implemented. A cycle comprising acceleration 

travel at constant speed - retardation and braking is 
listed as an example. 

The invention is based on the object of specifying an 
15 improved method for power optimization with regard to 
the time reserves included in the planning of a 
schedule of a vehicle/train. 

This object is achieved, in conjunction with the 
20 preamble, by the features specified in claim 1. 

The advantage that can be achieved with the invention 
is in pdj-Llculai thac, by raking into account the 
distribution of the drive equipment and multiple 
25 traction in the optimization algorithm, instead of the 
mechanical tractive power the power which is primarily 
used, such as the electrical power in the case of 
electric rail vehicles, is minimized. 

30 Advantageous refinements of the invention are 
identified in the subclaims. 

Further advantages of the proposed method emerge from 
the following description. 

35 

The invention will be explained in more detail below 
using the exemplary embodiments that are illustrated in 
the drawings and in which: 



Fig. 1 shows a characteristic map of the power loss of 
a typical electric locomotive, and 



Fig. 2 shows a characteristic map of the power loss of 
a typical electric locomotive with two 
separately controlled drive systems. 

The nub of the invention is to be seen in the fact that 
the distribution of the drive equipment and the 
multiple traction are taken into account in the 
optimization problem with regard to the time reserves 
included in the planning of a schedule of a 
vehicle/train. Here, the problem of power minimization 
is formulated as a mathematical optimization problem 
and solved by a suitable, generally known optimization 
algorithm. 

Suitable optimization algorithms are known, for 
example, from Papageorgiou : Optimierung [Optimization], 
Chapters 10, 19 and in particular 20, Oldenbourg 
Verlag, 1996. 

Accordincflv, it is assumed that mnr-«=' than one 
autonomous drive system is available in order to 
provide the total drive power of a vehicle/ train . For 
example, a typical electric locomotive normally has two 
bogies, each of which is equipped with separate drives. 
In addition, designs with three bogies with separate 
drives are known, as are bogie-less vehicles with two 
or more driven axles . 

In the case of simple traction, in which only one 
traction vehicle performs the transport, the number of 
possible separate and autonomous drive systems depends, 
on the circuit topography of the traction vehicle. In 
the case of electric locomotives, the circuit 
topography comprises, for example, in addition to the 
actual drives (motors) ,- primarily further components of 
the high-voltage equipment and auxiliary equipment, so- 



called drive components. In the case of multiple 
traction, at least two traction vehicles in the 
composite train are involved in the transport of the 
train. Likewise, a number of concentrated or 
distributed drive units can be integrated into one 
drive train. Here, too, the circuit topography and the 
number of drive txains coupled in the composite train 
decide the number of possible separate and autonomous 
drive systems. 

According to the invention, provision is made to take 
into account a number of completely or partially 
autonomous drive systems for power minimization with 
regard to the time reserves included in the planning of 
a schedule of a vehicle/train, it being possible for 
each of the drive systems to be characterized using 
separate functions of efficiency or power loss. When 
including the distribution of the drive equipment and 
multiple traction, three procedures are proposed, which 
can be used individually or in combination. 

According to a first procedure, the functions of 
efficiency or of power loss of the individual 
autonomous drive systems are combined during 
preprocessing to form an overall function of the 
efficiency or the power loss of the vehicle/train. 
Further optimization is then identical with the 
optimization for a concentrated system, that is to say 
a system having only one single autonomous drive 
system. 

According to a second procedure, a representative 
function (average function) of efficiency or power loss 
of an autonomous drive system is taken into account in 
the optimization together with the number of autonomous 
drive systems respectively used. This procedure is 
particularly expedient if the efficiency or power loss 
of the autonomous drive systems do not differ 
excessively from one another. 



According to a third procedure, for each autonomous 
drive system, a function of efficiency or power loss 
and the binary state information ON or OFF (that is to 
say the actions of switching the individual autonomous 
drive systems on/off) are taken into account in the 
optimization. This procedure is particularly expedient 
if the efficiency or power loss of the autonomous drive 
systems are different to a greater extent. 

While, in the case of the third procedure, there is 
already a plan of use for each individual autonomous 
drive system in the result of the optimization, in the 
case of the first two procedures, this has to be drawn 
up further through post-processing. 

By taking into account the distribution of autonomous 
drive systems, the optimum combination of the 
individual drives can be determined for each traveling 
situation and set in a predictive way. At the same 
time, boundary conditions, such as the tractive and 
braking forces to be expected, adhesion coefficient, 
temperatures m the drive components and time 
influences in the drive dynamics, are taken into 
account. Furthermore, switching-on and swi tching-of f 
losses can be minimized, whilst simultaneously taking 
into account the further losses of the vehicle. 

Fig. 1 shows a characteristic map of the power loss as 
a function of the tractive force and the speed of a 
drive system of a typical electric locomotive. 

Fig. 2 shows a characteristic map, put together to 
accord with the first procedure, of the power loss 
(overall function) as a function of the tractive force 
and the speed of a typical electric locomotive, 
including switching off an autonomous drive system of a 
bogie in the lower output range. 
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Patent Claims 

A method for power optimization in a 
vehicle/train, using time reserves which are 
included when planning a schedule, wherein in 
order to achieve a power-saving travel mode with 
the aid of an optimization algorithm, the presence 
of a number of completely or partially autonomous 
drive systems is taken into account, the separate 
functions of efficiency or power loss of each 
drive system being taken into consideration. 

The method as claimed in claim 1, wherein the 
separate functions of efficiency or power loss of 
the individual drive systems are combined during 
preprocessing to form an overall function of the 
efficiency or power loss of the vehicle/train. 

The method as claimed in claim 1, wherein the 
separate functions of efficiency or power loss of 
the individual drive systems are combined to form 
a representative function of the efficiency or 
power loss of the drive system and are taken into 
account together with the number of autonomous 
drive systems currently used. 

The method as claimed in claim 1, wherein, for 
each drive system, a separate function of 
efficiency or power loss, and the binary state 
information ON or OFF of each drive system, are 
taken into account. 

The method as claimed in one of claims 1 to 4, 
wherein when autonomous drive systems are being 
selected, boundary conditions such as tractive and 
braking forces to be expected and/or adhesion 
coefficients and/or temperature and/or influences 
in the drive dynamics are taken into account. 
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Method for power optimization in a vehicle/train having 
a number of drive systems 

Abstract 

A method for power optimization in a vehicle /train, 
using time reserves which are included when planning a 
schedule, is proposed. In order to achieve a power- 
saving travel mode with the aid of an optimization 
algorithm, the presence of a number of completely or 
partially autonomous drive systems is taken into 
account, the separate functions of efficiency or power 
loss of each drive system being taken into 
consideration . 

Relevant figure: Fig. 1 




Figure 2 
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German Language Declaration 
Als nacshsteHencl benannter Erfizider erklSre ioh hieimit an As 8 below named inventor, I hereby declare that; 



dafl mein Wohnsitr, meine Postanschrift und meine 
Slaat!:aiiReliSrigkeit den im narbgfflK-nrlpTi nach m Hwem Namen 



au^efQbiten Angaben entspiecheD, daD ich aach beseem Wiflsen 
dwiMsprtoogMche, erste und alleinige Hitinder (falls nacbstebend 
laar enaNamB angcgebcn ist) odrar da ucsprun^cilKX, eatstcruud 
Miterfinder (falls naclistehend xnehrere Namen aufgefUhrt sind) 
des Cjegenstandes tin. fOr dm dicscr Amrag gesTcllt -wird imd fflr 
dm dea ein Pateoi fUr die Eifindung mit folgendem Titel 
beantragt wird: 



My residence, posi o£&ce address and citizenship are as stated 
next to my name. 

I believe I am tbe original, first and sole inventor (if only one 
name Is listed below) or an orignifll, first and joint inventor (if 
plural naxaes arc listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



deren Beschreibung bier beigefugt ist, es sei denn (in dicscm 
Falle ZutrefTdndes bine anlcreuzen), diese ^fiodung 



the spcciBcation of which is anactaed hereto ixotess the 
following box is checked: 



^ wurde angemeldec am / was filed on: 26 July 2000 

unter der US-Ammeldeiuuniner Oder unter der IntematLonalen Anmeldenunimer im Rabmen 
des Vertrags ttber die Zusanuneuarbeit auf dem Gebiet dcs Fatcnxwcsens (FCT) / 

a9 United States Application Nvonber or PCT Intematioiial Application Nnnibex: FCT/EFOO/OVISI 
und am / and was amended on (if applicable) 21 June 2001 abgcandcit (falls zutrcf&nd). 



Ich bcstiitigc hicnnit, daO ich den Inhalt der obcn ongcgcbcncn I hereby state that I have reviewed and understand the contents 

Patentamncldung, cinachlicBUch der Ansprllche, die eventuell of the above identified specification, including the claims, as 

durch cinen oben erwShnten Zusatzantrag abge^ndert wurde, amended by any amendraent referred to above, 
durchgesehen und verstaQden babe. 

Ich crkcnnc meine Pflicht zur Offenbanmg jeglicher I acfcoowledge the duty to disclose informadon which is 

Informationen an, die snir Pruiimg der Patentfahigkeit in material to patentability as defined in Title 37, Code of Federal 

Einldang xnit Titel 37, Code of Federal Regulations, § 1.56 von Regulations, § 1.56. 
Belang stad. 
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Ich beanspructae hieimit auglandicrhf Prioritatsvoitexle gen^ 
Title 35, United States Code, § US-Code. § 1 19 (a)^d), txw. § 
365(b) aller Uilten aufgcfubrtcm AutsJandsaumeMraigen fOr 
Paicntc Oder Erfinderurkunden, Oder § 365(a) allcSf PCT 
iniemaTionalea Anmeldungcn. wclche wenigstens ein Land 
ausscr den Vcreinicten Staaten von Ameiika benennen. und 
habc nachstehcnd durch ankrcuzcn sanuliche Auslands- 
anmeldungen fur Patente bzw. Erfinderurkunden odcr FCT 
intctnatiDiiale Anmeldungcn angegebcn, dcren Anmcldeisg 
dem der Anmeldung, fUr welchc Prioritat beanspnicht wird, 
vonuigclit. 

Prior Foreign. Applications / FrOhere auslitadisclic Amncldv^cn 

(Number) 
(Nummer) 

1993S3S3.0 



PCT/EP00/07a51 



(Country) 
(IW) 

Germany 
PCX 



I kereby claim foreign priority under Title 35, 1 19(a)-(d) or § 
365(b) of any foreign appIicacion(a) for patrat or inventor's 
certificate, or § 365(a) of any PCT Interna tional application 
which designated at least one country other than liie United 
States, listed beJow and have also identified below, by cheeking 
the box, any foreien application for patent or inventor'a 
certificate, or PCT International application liavins a filing date 
before that of &e application on which pxionty is claimed. 



(Filing Data: day/month/ycar) Priority Not Claimed 
(Anmeldetag : ta^monat/jafar) Prioritat nicht bconspiuct 
29 July 1999 Q 

□ 



26 July 2000 



Ich beanspruche Mennii Prioritatsvorteile untor Title 35, us- 
Code, § 1 19(c) aller US-Hil^anmelducgen wie unten 
aufgezsbll. 1 

(Application No.) (Filing Date: day/monOi^Fear) 

(Aktenzeichen) (Anmeldetag : lag^monai/iBlir) 



I hereby claim the benefit under Title 35, United Slates Code, § 
1 19(c) of any United States provisional appIication(5} listed 
below. 



Ich bcanspiuche Mcrmit die mir unter Title 35, US-Code, § 120 
zustehenden Vortefle aller unten aufgefOhrten US- 
PaTeatanixieldungen bzw. § 365(c) aller FCT Intemationalen 
Anmeldungeii, welche die Vcreinigtcn Staaten von Amcrika 
benennen, und crkexme, insofem der Oegenstand eines jeden 
fiuheren Anspruchs dieser Fatentanmeldung nicht in einer US- 
Patcntanmoldiuig, bzw. PCT inicmationalcn Anmcldung in. in 
cincT gcznoB dcm cistcn Absatz -von Tide 35, US-Codc, § 1 12 
vorgcscbiicbenen Art und Weiae offenbarc wurde, m g i ne 
Pflicbt zur Offenbarung jeglicher Informationen an, die zur 
FriifUng der Patcntfiiliigkeit in Einklazig mit Title 37, Code of 

Federal Regulations, § 1.56 von Bebng sind und die im 

^itraum zwischcn dem Anizicldetag der friiheren 

Fatentanmeldung und dem nationalea oder im Rahmen des 
Vertrags fiber die Zusanunenarbeit auf dem Gebiei des 
Patentwesen (PCT) giiltigen intemationalen Axuneldetags 
bekannt gewoiden sind. 



I hereby claim the benefit under Title 3S. United States Code, § 
120 of any United States application(s), or § 365(c) of any PCT 
International application designating ihe United States, listed 
below and, inso&r as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or 
PCT tnternational applicatiou in the maimer provided by the 
first paragrapb of Tide 35, United Sums Code, § 112, 1 
acknowledge the duty to disclose information which is imtcrial 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1 .56 which became available between the filing 
date of die prior application and the national or PCT 

Intemational filing date of this application. 



(Application No.) (Filing Oajte: day/month/jrear) (Status) (patented, pending, abandoned) 

(Aktenzetchen) (Anmeldetag : tag/monat/jahr) (Status) (patentier^ sctiwebend, aufgegeben) 



Ich eikliize hiermit, dafl allc in der vorliegcndBn Erklaxung von 

mir gemachten Angaben nach bestem Wisacn und Gewisscn 
der Wafarhcit cotsprcchcn, und fcincr daD ich dicsc 
eid&SStattliche Erkl&ting in Kcnntni j dessen ablege, daO 
wissentlich und vorsiltzlich falsclie Angaben odor dciglcichen 
gcmaLB § 1001, Title 18 des US-Code strafbar sind und mit 
Geldstrafe und/oder Gcfiingnis bestrafl werden kdimen und dafl 
deraitige wissentlich und vorsStzlich lalsche Angaben die 
Rechtsvtnrkfiaxnkeit der vorliegenden Patentanmeldung oder 
eines aufgrund deren erteilten Patentee ge^hrden komien. 



I hereby declare that all statements ituide herein of my own 
knowledge are tme and that all statements made on information 
and belief arc believed to be truci and further that these 
statements were made witfi the knowledge that willfU false 
statements and the like so made arc punishablo by fine or 
inqjiisonmcnt, or both, under Section 1001 of Title 18 of die 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



[Page 2] 



09/09 2002 MON 13.02 FAX HOWREY SIMON ARNOLDWHITE --^-"^ HSAW WASHINGTON DC i^007/014 

.1, Cii 3 .::!!.. % 7'' '7' ,„ Cii ?ti O ^Vii iii 



VBRT^ETONGSVOLMACHT: Als benaimtcr Eifindcr POWER OF ATTQRIMEY: A:, a mmcd invenior I hereby 

beauftragc ich hienrnt den (die) iiachatehend aufgofiairtcn appoint die fbUowdng anomeyCs) and/or agcmfs) to prosecute 

Patemanwait (Patentaawalte) und/oder Vcrtreter mit der this applicataon transact aU business in Ihc Paiem and 

VerfolBunH der vorKegenden Pateotamneldung sowie mit der Tiadcmaik Office coimcctcd therewith; OtSl name and 

Abwicklung allcr dxmit verbundenen Angelegenheiien vor dem registratioH number) 
US-PatcDt- ujnd Markcnamt: (Nam^(n) und 
RestsirationsnummerC») au/listen) 

Jason C. Abair. Reg. No.44»aOi. Michael J. Bell. Reg. NQ,.2a,6lMf Steph™ H. Cagle, Reg. Nq,Ji^ Celine T 
Callahan, Reg. No.J^^Qi; Jenny W. Chen. Reg. No^_44^0d^ Mary S. Consalvi, Reg. No^J22.2Ja: Thomas E 
Covcrstonc, Reg, No.^3jS^^: Ben M. Davidson. Reg. NfiulS,^; Jamc? F. Davis, Reg. No^^^- Thomiis'M 
Dunham, Reg. No. 39,963^ Alan M. Grimaldi, Reg. NO-^Zg,^ J. Jay Guiliano, Reg. No^JljyO; Albert P Hall^ 
Reg. No._25.222i Derek J. Jardicu, Reg. Ne.^^; Patncla A. Kammerer. Reg. No. 22.^^^ristophCT L Kcllcv 
Reg. No.42,7l4;_ John R. Keville, Reg. Nq.^42.223; Brian S-Y. Kim, Reg. No^Xl4; Viola T.Kuag Reg No 
.JI^l; Roberta Lauronson, Reg. No.3.4,2Q6: Jo§ephP. Lavelle, Reg. No,.3 ) .OsirDoii F. Livomese. Reg No 
—13^ Crai8 M.Lundell,Reg.No 30^- Christopher A. Mathews, Reg. ]yfflJiSd4; Matthew J. Mooie. Reg No 
-^^^^T, «r /■ ^«-^£35ij Andrew Y. Piamicia. Reg. No. 40.772; Jacobus C. Rasser, R«g. No-I^Ma^ 

Glenn W. Rhodes, Reg. ffeJi^; Michael J. Stimsou, Reg. No,^l#^; Janelle t.. Waack. Reg. >fe.J^fijfcfi9j wSi 

No. iZOZSi-Klarcn K. Wong, Reg. Ns.J4^i Wallace Wu, Reg. Na.45^; Matthew S. Zises Reg Nol^246' 
«ui an ^mey or agent ^Ui the law firm of Howrey Simon Arnold & White, and all other practilioncis assocSSdwith 
Howey Simon Arnold & White, as its attorney or agent so long as Hiey lemain with such law firm. 

. Postanschrift / Send Correspondence to: 

David P. Owen I 

/ Howrey Simon Arnold & White \ 
/ CityPoim, One Ropemaker Street I 
London EC2Y 9HS, England \ 

Te]el-omi!ch= AuskOnfte: {Na7»s und T&l^a7,»ummcr) I Direct Telephone Calls to: iname and telephone number) 
David P. Owen 



Vor- imd Zuname des cinzigen odcr cisten Eiiinders/Full name of sole or fiiat inventor: 




RUDIGER FRANKE 




Unterschrift des einzigen oder crsten ErfLndcis / Inventor's signature- 


Datum/ 


Wohn^itz / Rcaidcacc: Fritz-Frcy-Strasst^ 2 D-691^1, .Heidelbergioeimany 




Staaisangehorigkeit / Citizenship: DE 


Posianschiift/ Post Office Address: Same as above 


Vor- und Zuname des zwciten Erfmders (falls zucreffond) / Full name of second joint invent 




PETER TERWEESCH 




Unterechiift des zweiten Erfindcrs / Second inventor's signature: 


Datum / Date: 


Wohmite / Residence: Gjirtenweg 459, CH-5512 Wohlenschwiel, Switzerland 


Staatsangeharigkcit/ Citizenship: CH 


Postanschrift / Post onice Address: Same as above 
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liJ '3 .'i'. y' '? „. lii^-y^ i3 "Ji ^"i r:': 



— vmTRETtrNGSyOLMACHT: Als benannter Erfinder POWER OF ATTORNEY; As a named inventor, I bereby 

bcauAragc ich hiciuut den (die) nachsrelifflad aufge(llhrten appoint the following attoiiiey(s) saad/ox agent(a) tir^osecute 

Patcntanwalt (PatcntanwSlcc) und/oder Vertreier mil der this application and transact all business in the Patent and 

Vcrfolguns dcr vorlicgcrndcn Patcntanmcldune sowie mit dcr Trademark OfiSce connected tiberewith: (/*r* noma and 

Abwicklung QlZcr damit vcrbundcncn Angclcgenhciten vor dem regisiranon numberj 

US-Patent- uad Markciuimt: (Name{n) and 
Registratioitsnuntmcr(n) auflistcn) 

Jason C. Abair, Reg. No. 44,007; Michael J. Bell, Reg. No^39, 604; Stephen H. Cagle, Reg. No. 26,443- Celine T 
Callahan, Reg. No. 34,301; Jenny W. Chen, Reg. No. 44,^4; Mary S. Consalvi. Reg. No. 32.212; ThoJOoas E 
Coverstone, Reg. No, 36,492; Ben M. Davidson, Reg. No. 38,424; Jamca F Davis, Reg. No, 21.072: TliomaS M 
Diinham, Reg. No. 39,965; Alan M. Grinmldi, Reg. No. 26,599; J. Jay Guiliano, Reg. No. 41,810; Albeit P. HaJChiin, 
Reg. No. 25.227; Derek J, Jardieu, Reg. No. 44,4S3; Patricia A. Karmncrcr, Reg. No. 29,775; Christopher L. Kellcy 
Reg. No. 42.7.14; JohnR. Keville, Reg. No. 42,723; Brian S.Y. Kim, Reg. No. 41,114; Viola T. Kung, Reg. No. 
41,131; Robert C. Laurenson, Reg. No. 34,206; Joseph P. LaveUc, Reg. No. 31,036; Don F. Livomcsc, Reg. No. 
32.040; Craig M-LundeH Reg- No. 30^284; Christopher A. Mathews, Reg. No. 35,944; Matthc-«v J. Moore, Reg No 
42.012; David P. Owen. Reg. No. ^3,344; Andrew Y. Piamicia, Reg. No. 40,772; Jacobus C. Rasscr, Reg. No. 37,043- 
Glenn W. Rhodes. Reg. No. 31,790; Michael J. Siimson, Reg. No. 45,429; Janelle D. Waack, Reg- No. 36,300; WilliaiJi 
K, West, Reg. No. 22,057: Caiter J. White, Reg. No. 41,374; Adam K. Whiting, Reg. No. 44,400; Jayna R Whilt Rej; 
No. 47,175; Karen K. Wong, Reji. No. 44,409; Wallace Wu, Reg. No. 45,380; Matthew S, Zises, Reg. No. 47.246; 
each an attorney or agent with the law firm of Howrey Sinaon Arnold & White, and all other practitioners associated with 
Hovwrcy Simon Arnold & White, as its attotney or agent so Jong as they remain with snich law fiim. 

Postanschrjft / Send Correspondence to: 

David P. Owen 

Howrey Simon Arnold & White 
CityPoint, One Ropemaker Street 
London EC2Y 9HS, England 

Tclcfbnischc AuskiinAc: Qfame und Tel^fl>nnianmery / Direct Telephone Calls to: (yiame and tel^kons number) 
David P. Owen 

01 1 44 20 762S 3303 (please note: this is a telephone nxomber is in London, England) 



Vor- und Zuname des einzigcn oder entcn Erfindcrs/Full name of sole 01 first inventor: 

RUDIGER FRANKS 



Untcrschrift des cinzigen Oder crsten Erfindexs / Inventoi's signature: Datum / 

Date: 



Wohnsitz/ Residence: Ftitz-Frey-Strasse, 2 D-69121, Heidelberg, Gcimany 



DE 



Postamchrift / Post OfEce Address: Same as above 



Vor- und Zimame des jswcitcn Erfindcrs (falls zutrcfTend) / Full name of second joint inventor, if any: 
PETER TERWIESCH 



Untcrschrift des zwciten Erflnders / Second inventor's signature: ^ Datum / Date: 200t^ - O^—fZ 

■ - jf^ — /L 

Wohnsitz / Residence: Gartenweg pk^, CH=5^5t2-i^l^3Weasciivvi^^^ witzerland C'^/^ 



StaatsangchOrigkeu / Citizenship: ^6ff "T>C" 



Postanschriit / Post Office Address: Same as above 
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Vox- imd Zunamc dcs driticn Erfindcis (falls zutxefTend) / Full name of third joint inventor, if any: 
MARKUS MEYER '. 



Umgischrift des dotteg ErftPdecs / Third Inventor's signamre; ^|-^ , ^--vX-y^ jl^ Datum / Date: ^ ^ Too"^ 
Wobnsite/ Residence: Hochweidstrasee 7, CH-6030 Ebikon^witzerland Qt^^X^ 



StaatsangcliGrigltcit / Citizenship: CH 



Postanschrifl/ Post Office Addx«fi£: Same as above 



Vor- void Zunomc dcs vicitcn Erfuidcrs (falls zutxcfTcnd) / Full name of fouiHi joint inventor, if any: 
CHRISTIAIV KLOSE 



Uwersctorift des viertCD EflCLadwrs / Fowth inventor's sigimmre: 



WoJmsiiz/ Residence: Starweg28, D- 14771 Brandenburg a.d. Havel, Germany 



StaatsaacehOripkeit / Citizenship: DE 



PostansuhxiA / Post Office Address; Same as above 



Vor- und Zunamc dcs fimfltcn Eiimdcrs (falls 2aitrc£fczLd) / Full name of fifth joint inventor, if any: 
KARL-HERMANN KETTELER 



Untcrsclwrtft dcs flteiten ErSndcrs / Fifth Inventor's signature: 



Wohnsitz/ Residence: Schwachelerstrasse 29, CH-5314 Kleindoltingen, Switzerland 



Staatsangehorlgkeft/ Citizenship: CH 

Postanschiift / Port Office Addrese: Same aS abOVe 
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VoF' Will Zuname des dritten Erfinders (falls zutreffend) / Full run 


mc of third joint ixxvcntor, if any: ~-ss? 


MARKUS MEYER 




Untcrschiift dcs diincn Erfindcrs / Tliird Inventor's siiB3iaiurc: 


Datum / Date: 


Wohnsitz / Residence: Hochweidstrasse 7, CH-6030 Ebikon, Switzerland 


Staatsangchorigkcit / Citizcnsbip; CH 


Postanschrift/ Post O0}ce Address: Same as above 


Vor- und Zuname des viertea £rtinder3 (falls zutrcfFcnd) / Full na 


tae of fourth. Joint inventor, if any: 


CHRISTIAN KT,aSE_ 




Unterschrift des vjerren Erflnders / Founh invenror's signature: | 








Staatsangchorigkcit / Cidzcnship: IDE 




PostOTSchrift / Post Office Address: Same as above 


Vor- und Zuname des tUruftcn Erfznders (fiills zutreffend) / Full aoi 


ne of fifth joint inventor, if any: 


KARL-HERMANN KETTELER 




Umerechrift des runften ErllDders ^ FitOi Invenror's signature: 


Datum / Date: 


Wohnsitz / Residence: Schwachelerstrasse 29, CH-5314 Kleindoltingen, Switzerland 


Staatsiuagcboiigkcit / Citi2:ciiship: CH 


Postanschrift / Post Office Address: Same as above 
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Vor- und Zuname des diitten Jirflnders {falls zuttcfFcnd) / Full name of third joint inventor, if any: 

MARKUS MEYER ', 



Umcrschiifl dcs dsrinen Erfinders / Third Invenior's signature: Datum / Date: 



Wohnsitz / Residence: Hochweidstrasse 7, CH-6030 Ebikon, Switzwland 



Staatsangchfirigkeit / Citizccuship: CH 



Posmnschrift /Post Office Addreagi Same as above 



Vor- imd Zuname des vicxten £ifuiders (falls zutreSend) / Full name of fourQi joint inventor, if any; 

CHRISTIAN KLOSE 



Unterschrirt des vierten Erfinders / Fourth inventor's signature: Datum / Date: 



Wohnsiiz / Residence: Starweg28, D- 14771 Brandenburg a.d. Havel, Germany 



Staatsanseh6rigkeit / Citizenship: DE 



Pofitanschrift/Post Office Address: Ssime as above 



Vor- und Zuname des funften Erfinders (falls zutceffend) / Full name of £fili joint inventor, if any: 

KARL-HERMANN KETTELER 



Unierschrift des 



fiinften Erfinders /Fifth Inventor's signature: j/C-^ Pntiiro / Dole: ^. £ . 2off^ 



Woknsitz / Residence. Schwaciielerstrasse 29, CH- 



StaatsBngehOriskBit / Citizenship: CH 



Postanschrift / Post Office Addiejss: Same aS above 
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